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A bstr a ct
A bin o c ula r ste r e o visio n system ha s been de v eloped to estim ate gro wth v ariable s of a
transplant populatio n. In the pr e s e nt study, the im age a n alysis syste m w a simpr o v ed by
adopting a thr e e-laye r ed a rti丘cial n e u r al netw o rk m odel(A N Nm odel) ba s ed o n aba ck-
pr opagatio n algo rithm . Inputs of the A N Nm odel w e r e a v e r age height,leaf are a, pr oje cted
le af a r e a
,
a nd m a s s v olu m e of the tr a n spla nt populatio n ob tain ed fr o mthe im age a n alysis
syste m . Outputs of the A N Nm odel w e r e a v e r age height, n u mbe r ofu nfolded le a v e s,le afa re a,
a nd fre sh a nd dry m a se s of the transpla ntpopulation , whichgiv e am ore a c c urate a s se ssm e nt
of the tr a n spla nt gr o wthstatu stha n that ob tain ed fr o mthe im age a n alysis syste m . T he
n u mbe r ofn odesin the hidde nlaye r of the A N Nm odel w a sdete r min ed thr o ugh triala nde r r o r.
T he gr o wthv a riable sthu s ob tainedfro m the AN N m odelusing a s w e etpotato(Lbom oea batata s
(L.) La m .)tr a n spla nt populatio n w e r e m o r e a c c u r ate tha n tho s e obtain ed fr o m a r egr e s sio n
m odel. T he im age a n alysis system , after beingim pro v ed by u sing the AN N m odel, s u c c e s s-
fullyide nti丘ed the tr a n spla ntgr o wthstatu s witha bigb degr e e of a c c u ra cy.
Keyw o rds : A N N m odel, ba ckpr opagatio n algo ri thm , im age analysis system , r egr e s sio n
m odel
,
s w e etpotato(Lpo m o eabatata s(L.) La m .).
Intr odu ctio n
Clo sed-ty pe transplant pr odu ctio n syste m s u nde r
a rtific allighting ha v ebe en re c eivingincreasingatte n-
tio nbe c a u se oftheir v alu ein bothr e se arch and c om -
m e r cial ap plic atio n s
l,2)
. In o rde rto m anage trans-
pla nt gr o wth in su ch la rge-sc ale syste m s, the reis a
n e edto c olle ct a gre at de alofa c c u r atedata o ngr o wth
v a riable s a uto m atic ally. Im age a n alysis a s a n
effe ctiv e, n o nin v a siv e a ndn o nde str u ctiv e s e n shgte ch
n olog yha sbe e n widely appliedto m e a s u r et a n spla nt
gr o wtb
3
,
4)
. In o u rpr evio u s study, a bin o c ula r ste r
-
e o visio n syste m w a sde v eloped to estim ate gr o wth
v a riable s oftr a n spla nts gr o wingin a plug tr ay a s a
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tr a n spla nt populatio n
5)
. Ho w e v e r, a v e r age height,
le afa re a, pr oje cted le afa r e a a nd m a ss v olu m e Of 也e
tr a n spla ntpopulatio n obtain ed fr o m也eim age a n aly-
sis syste m w e r e n ot alw ays a c c u r ate o r reliable du eto
o v erlap ping leave s. In ad dito n, the n u mbe r of u n-
foldedle a ves a nd fre sh a nd dry m a ss e s c o uldn ot be
dete r min ed with the im age a n alysis syste m alo n e.
T ho ugh regres sio nte chniqu e sha v etraditio n allybe e n
u sed to im prov ethe a c c u r a cy ofthe im age a n alysis
syste m, the res ults ha v e stilln otbe en s atisfa cto ry･
Re c e ntly, arti丘cial neu ral netw o rks (AN Ns) ha v e
be e n adapted fo rim age a n alysis ofagricultu ralpr od
-
u cts where the cla s sific atio n o r e stim atio n of shape
a nd siz e a r e n ot go v ern ed by a ny m athem atic al fu n c
-
tio n6
- 9)
･ T he r efo r e,intr odu cing a n A NN m odel into
tbe 血 age a n alysis syste m mightbe abletoim pr o v eits
a c c u r a cy a nd 且e xibility, allo wiog it to o ve r c o m ethe
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pr oble m of o v e rlap ping le a v e s a nd to be ap plied to
diffe rentplant spe cies and diffe re nt c ultu r e m ethods･
T he aim ofthis study w a stoin v e stigate athr e ellaye r-
ed A N Nm odel intr odu c ed into the im age a n alysis
syste m to giv e m o re a cc u r ate e stim ate s of gr o w血
v a riables ofthe tr a n spla nt populatio n. T he a c c u r a cy
oftheim pr o v ed im age analysis syste m w a ste sted by
u sing a s we etpotato(Ipo m o eabatata s(L.)La m.)tr a n s-
pla nt populatio n･ T he gr o wth v a riable s thu s
obtain ed fr o mthe A N Nm odel w e re c o mpa r ed with
tho s e obtainedfro m a r egre s sion model.
M ate rials arLd M ethods
1. B in o c ula r ste r e o visio n syste m
A bin o c ula r ste r e o visio n syste m u sing tw o digital
C C Dc a m eras(D C 260 Zo o m, Kodak In c. , Japan)and
fo u r8u o r e sc e nt la mps (F P L 27 E X-N, Natio n al In °. ,
Japa n)w a se mployedto giv e m o re a c c u r ate e stim ate s
ofgro wthv a riable s ofa tr a n spla ntpopulatio n(Fig. 1).
Av e rage height, leaf a r e a, proje cted le af a r e a a nd
m a s s v olu m e ofthe transplant populatio n w e r e c al u-
lated u sing a 3-D c olo rim age r e c o n stru ctedfro m a
pair of digtal 2-D c olo rim age s. T he gro wth v a ri-
able s with e xtr a cted fo u rkinds ofu s e r-s ele ctedc olo r s
w e r e c alc ulated ba s ed o n apix el ste r e ologic alalgo r-
i也m . Details ofthe im age a n alysis syste m a rede-
sc ribed in M atsu u r a et al. (200 1)5). Ho w e v e r, the
c olo rim etricinfo r m atio n w a s n ot u sed in 也is study,
be c a u se n o c olo rim etric info r m atio n w a s a v ailablein
de stru ctiv e m e a s urem ents.
2
. A thr e e-laye r ed A N Nm odel
A thr e e-laye r ed A N Nm odel(A N Nm odel) w a s
tr ain ed ba s ed o n aba ckpr opagatio n algorithm
lO) to
Fig. 1 T he bin o c ula r ste re o vision system .
glV em ore a c cu r ate e stim ate s ofthetr a n spla ntgr o wth
v a riable s(Fig. 2). Inputs of the A N Nm odel w e r e
a v e r age height, le af a r e a, proje cted le af a re a,
L
a nd
m a ss v olu m e of the tr a n spla nt population obtained
from theim age a n alysis syste m . Outputs ofthe A N N
m odel w ere a v er age height, n u mbe r of u nfolded
le a ve s, le af a r e a, a nd fr e sh a nd dry m a s s e s of the
transplant population , which giv e a m o r e a c c u r ate
a ss e ssm ent ofthe gr o wth statu stha nthat obtain ed
fr o m the im age a n alysis syste m. The
■n u mbe r of
n ode sin the hid de nlaye r w a s cha nged fr o m2to 40
u sl ng a r a ndo m n u m e r alge n e rato rfo rpr odu ci□gthe
initial w eights ata spe ci丘ed le a rni gr ate a nd m o m e n-
tu m c o efncie nt. T he A N Nm odel w a str ain ed fr o m
theinputlaye rto the bidde nlaye rto the o utput laye r
by u sing a sigm oida ctiv atio nfu n ctio nthr o ugh m a ny
inputs and s upervised o utputs. T he relation ships
betw e e ntheinputs a nd supervis ed o utputs w e r e stored
a s w eights c o n n e cting the input laye rto the hidde n
laye r a nd c o n n e cting the hid de nlaye rto 也 e o utput
laye r. T he w eights w e re adju sted a ndupdated u sing
a m odi丘ed gr adie nt de s c e ntte chniqu e
l l)to minimiz e
the m e an squ ared fu n ctio n(M S E(n)). T he M S E(n)
m apsthe o utputs e stim atedfr o mthe A N Nm odela nd
the s upervised o utputsin both training a nd te sting,
which is e xpr e s sed by Eq. 1. T he bia snode s within
the input a nd bid de nlaye r w e re u s ed to substitute
thr e sholdv alu e sin thehidde n a ndo utputlaye r s a ndto
elimin ate n oise effe cts. In ad dito n, allof the input
a nd o utputdata w e r elin e a rly n o r m aliz ed to the re al
Av e r age No. of Leaf Fr e sh Dry
beight le a v es ar e a m a s s m a ss
Output layer
IIid den laye r
Inputlayer
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Fig. 2 Stru cture of the thre e-layer ed a rti点cial
n e u r aln etw o rk m odel(A N Nm odel)used in
tbe pre sellt Study.
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nu mber r a nge betw e en0.1 and 0. 9 be c aus e ofspe cial
cha r a cte ristic s of the sigm oid a ctiv atio n fu n ctio n.
Ho w e v e r, the n u mbe r ofn ode sin 也 ehidde nlaye r w a s
sele cted by u sing m e a n abs olute pe r c e ntage e rror
(M A P E)a ndthe sta nda rd de viatio n(M A P Esd)in te st-
ingto m e a s u r eth ge n e r aliz ability ofthe AN Nm odel.
T he M A P Ea nd M A P E
sd
a re expre ss ed by Eqs. 2-3.
M S E(n) -去写写(Oph(n ト Tpk)2 Eq1 1
･ APE -妄写酬 痩 *1001〕E｡･ 2
M A P Esd - 品 写副 腎 *100IIM A P E〕
2
Eq. 3
wbe r episthe n u mbe r oftraining o rte sting s a mple s,
k isthe n u mbe r ofn ode sin the o utputlaye r, a nd nis
thele a rni g n u mbe r. Oph a nd Tph a r ethe e stim ated
o utput v alu e a nd s upe rvised o utput valu e ofthe k
t b
n odein the o utputlaye r c o rr e spo ndingthe p
t htr aining
o rte sting s am ples, re spe ctively. Opk and Tphin Eq. 1
are no r m aliz edto the r e alnu mber range betw e en 0. 1
a nd 0. 9.
3. A N Nm odel te sting
3. 1 CⅦ1tll r e C O nditio n s
A s w e etpotato(c v. ko n aho m a r e)tr a n spla ntpopula-
tio n w a s u s ed to te st the A N Nm odel. Single n odal
c uttings e a ch with o n e u nfolded le afw e r epla nted in 72
-c ellplug tr ays (530×270×70m m) c o ntaining a n
arti丘cial m ediu m , and w er e cultu red for 14 daysin a
la rge-s cale clo s ed-type system u nder artific al light-
ing. A ir te mpe r atu r e w a s m aint in ed at 29
o
C a nd
C O芝 C O n C e ntr atio n w a s m aintain ed atlOOO〃m ol m ol~1
du ring the c ultu r epe riod. T he photo synthetic photo n
且u x e s(P P Fs)o nthe plug tr ays atl…4, 5-9, a nd 10-14
days after pla nting w e r e140, 200, a nd 340p m ol mN2
s~1
,
re spectively. P P Fs witha pbotope riodof 16 也d~1
w ere pro vided by月.u ore s ce ntla mps. A c ultu r e s olu
-
tio n(En shi Sta nda rd, Otuka Che m . Co . , Japa n) w a s
pr o vided by s ub-irrigatio n4, 7, 10 and 13 days afte r
pla nting.
3. 2 Data a cquisitio n
Fo rty一丘v e s ets of c o r r e spo nding input data a nd
s upe r vised o utputdata ofthe s w e etpotato tra n spla nt
populatio n s w e r e cho s e n r a ndo mly in ala rge-sc ale
tr a n spla nt pr odu ctio n fo r tr aining a nd te sting 也 e
AN N m odel. T w o replic ations of 丘fte e n sets at
di ffe r e ntdays afte rpla nting w e r e u sed a sthetr aining
data to build the A N Nm odel. T be
､
othe r丘氏e e n s ets
atdiffere nt days afte rplanting w e r e u sed a sthete st
-
ing datatote st the a c c u r a cy ofthe AN Nm odel. T he
im age a n alysis syste 皿 Obtain ed theinputs ofa v e r age
beigbt,le afa re a, pr oje cted le afa re a, a nd m assvolu m e
of the tr a n spla nt populatio n s. T he n, tr a n splant
height, n u mbe r ofu nfolded le a v e s,le afa re a, a nd fre sh
a nd dry m a s se s ofsho otofindividu altra n spla nts w e re
m e a s u r ed m a n u ally o r de stru ctively to obtain the
c o rr e spo nding supe r vis ed o utputs of the transpla nt
populatio n s. T helatte r v alu e s a r e clo se rto the tr u e
o utput value sin this study. Tr a n spla nt height w a s
m e a s u r ed with a m ete r stick(S 16-35B, K DS Inc. ,
Japa n)in c o nta ct with the top u nfolded le af. T he
n u mbe r of u nfolded le a v e s w a s c o u nted m a n u ally.
Le af a re a of u nfoldedle a v e s w a s m e a su red de str u c-
tiv ely u singim age a n alysis s oftw a r e(LI A 32 fo rW in -
do ws95, K. Ya m a moto ,Japa n)with a nim age s c a n n e r
(C310U, Ac e rPeripher alsln c., Japan). Fre sh and dry
m a s se s ofthe sho ots we r e m e asu redde stru ctiv ely with
an ele ctr onic balanc e(A W320, S bim adz u Co. , Japa n).
To v e rify the a c c ura cy of the A N Nm odel, the
gr o wth v a riable sthu s obtain ed fr o m the A N Nm odel
in te sting w e re c o mpa r ed with tho s e obtain ed fr o m a
tr aditio n al r egr e s sio n m odel. T he regr e ssio n m odel
of the tru e gro wth v a riable s into c o r r e spo nding
gr o wth v a riable s obtain ed fro m the im age a n alysis
syste m , w a s obtain ed fr o m 也e tr aining data of 也e
A N Nm odelu sing thele a st squ a re ste chniqu e(Table
1).
3. 3 Evalu atio n indice s
Using the supe rvis ed o utputs obtained fro m the
de stru ctiv e m e a su r e m e nts a s也e tru e o utput v alu e s,
the r elativ e e r r o r(e)of the gr o wthv a riable s e stim ated
fro mthe A N Nm odel a nd the r egr e ssio n m odel, is
e xpr e s sed by Eq. 4. T he a v e rage relativ e e r ro rre)
a ndthe sta nda rd de viatio n(8s d)a r e e xpre ss ed by Eqs.
5-6, a nd w e r e u sedto e v alu ate the a cc ura cy of the
A N Nm odel and regr e sio n m odel.
e - 皆 *100 Eq･ 4
i -i$lel Eq. 5
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Table 1 Regre ssio n m odelofthe tr u egr o wthv a riable sinto c o rr espo nd-
ing gr o wth v a riable s obtain ed fr o m abin o c ula r ste r e o visio n
syste m u slng a S W e etpOtatO tr a n spla nt populatio n.
Regre ssio n equ atio n de
C
t
o
e
e
r
fiiiCniaetnit. nOfR2
A HR E - 9.98 E-1･A HIA+ 1.09 6.77
NL且E - 2.78･ D A T
2-1.34 E+1･D A T+7.70 E十1 0.98
L AR E - 2.90 E-3･P L AI A2-5.13･P L AIA+3.54 E + 3 0.93
F MR E- 1.00 E16･ M VI A2+ 3.84 E13･ M VI A+ 5.06 E + 1 0.89
D MR E- 7.00 E-9･M VI A2-1.09 E- 4･ MVI A+ 6.94 0.85
w here subscriptsR E andI Arefertot he co mpo nents of the regression equ atio n a nd
image an alysis, respe ctively. A Ⅲ ist he ave rage height(cm). N L ist he n u血ber
ofunfolded leave s. D A T isthe days after pla nting(d). L A, P L Aand M Varethe
leaf are a(c m
2
),projected leafa re a(cm
2) and m as s v olum e(cm 3), r espectiv ely.
F M a nd D Mare the fr esh m a ss(g) a nd dry mass(g), respectiv ely.
es d- 示与写 (leJ :e)2 Eq･ 6
whe r episthe n u血be r ofte sting s a mple s, k is n u mber
ofn ode sin the o utputlayer, and Oph a nd Tpk a rethe
e stim ated o utput valu e and the tr u e o utput v alu e of
the ktb n odein the o utputlayer c or re sponding 也 e p
tb
te sting sa mple s, r e spe ctiv ely.
Res ults a nd D isc u ssio n
1. I)ete r min atio n ofn u mbe r of n ode sin the hid de n
laye r
T be m e a n squ a r ed e r ro rfu n ctio n s(M S E(n))of 也e
A N Nm odel in tr aining a nd te sting with different
n u血ber s ofn ode sinthe hidde nlaye r a r e sho w nin Fig.
3. T he A N Nm odel with 5n odesin the biddenlayer
w a sfo undto giv e an un re a sonable c o n v e rge n c e of 也e
MSE(a)in both tr aining a nd te sting, be c a u s ethe
M S E(n) w a strap ped in lo c al minim a. W he n 也e
nu mber ofn ode sin the bid de nlaye r w a sin cr e a sed to
14
,
the MS E in both training a nd te sting didn ot
de cre a s e c o n siste ntly u nde r alimited le a rni!1gn u mbe r.
T hisis m ainly attributedto the pr e m atu r e satu r atio n
phe n o m e n o n, which isindu c ed whe nthe w eightdistri-
butio nis e x c e s siv ely wide
12)
. In c re a sing the nu血ber
ofn ode sin the bidde nlaye r a ndthele arning n u血ber
c a ndec r e a seM S E in tr aining, butit c a n n otde c r e a se
M S E in te sting du e to the po s sible o c c u rr e n c e of
o v e r丘tting. T he be st A N Nm odela rchite ctu r eis n ot
n e c e ss a rily o neha vingthe gre ate stn u mbe rofn odesin
the bid de nlayer, a nd thele ar ning nu mber sho uld be
cho s e nto im pro v ethe tr aining spe ed a nd ge n e r al-
iz ability. T he A N Nm odels with 6to 13n ode sin the
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Fig . 3 T he m e a n squ a red er ro rfu n ctio n (M S E
(n))of the A N Nm odel in tr aining a nd
te sting with diffe re nt n odesin the hidde n
laye r uslng a S W e etPOtatO tra n spla nt popu1
1ation . T he le arn ing rate W a s0. 2 a nd the
m o m e ntu m co e8icie nt w a s0.1.
hidde nlaye r re s ulted in e xtr e m ely rapidc o n v e rgen c e
ofthe M S E(n)in tr aining a ndte sting. Itis cle a rthat
the n u mbe r of n ode sin the hid de nlaye r sho uld be
m o r etha n5 a nd le sstha n14. In this c a s e, 6n ode sin
the bidde nlaye r sho uld be s ele cted a c c o rding to the
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Fig. 4 T he m e an absolute pe rc e ntage e rr o r(M A P E)
a nd the sta nda rd deviatio n (M A P Es d) of the
A N Nm odel in te sting with diffe re nt n ode sin
tbebid de nlaye r u sing a s w e etpotato tra n spla nt
populatio n. Ba r m e a n sthe sta nda rd deviatio n.
c onve ntio n al te chniqu e sin dete r mining the a rchite c
-
ture of AN N m odels
1 3)
,
butit m ay n ot giv ethe be st
pe rfo r m a n c e.
T he m e a n abs olute pe r c e ntage e ror (MA P E) and
the sta nda rd de viatio n(M AP Es ｡)ofthe A N Nm odel in
te sting with diffe re nt n u mbe r s ofnode sin the hid de n
laye r a r e sho w nin Fig. 4. Itis cle a rthat the AN N
m odel wi 也 12n ode sin 也 ebiddenlaye rga v ethe be st
pe rfo r m a n c e. Ac c o rdingly, this A N N m odel w a s
s ele ctedfor 仙 e pr e se ntstudy. To r edu c ethe risks of
c o n v e rging on lo c al minim a a nd o v e r丘tting, w e u sed
la rge n u fnbe r s ofn ode sin the bid de nlaye r, a s m aller
le a r ni g r ate a nd a s m aller mom entu m c o e氏cie nt
u nde rdiffe re nt initial w eights to tr ain a nd te st 也e
A N Nm odel. Co n s equ e ntly, the sm alle st M A P Ea nd
the M A P Esd of 也e A N Nm odel in te sting c o uldbe
u s edto sele ct the n u mbe r ofn ode sin 也e hidde nlayer.
2. Co mpa riso nbetw e e nA N Nm odela nd r egr e s sio n
m odel
Wh ilethe relativ e er ror s(e)ofthe gr o wth v a riable s
e stim ated fr o mthe regre ssion m odel w e rele sstha n
20%, tho s e e stim atedfrom the A N Nm odel w e reles s
tha nlO% e x c eptfo r afe w s am ples(Fig. 5). T hedata
depicted in Table2sho wthattherange ofthe a v e r age
r elativ e e r r o r(盲)a ndthe sta nda rd de viation(es d)of
the A N Nm odel w e re within abo ut 5 ±50/. , while the
r egr e ssio n m odel ga v e a r a nge of abo ut 12 ±12%･
T hu sthe a c c u r a cy of the A N Nm odel w a sgre ater
tha nthat ofthe regr e ssio n m odel.
W e c o mpa red the r egr e ssion m odel to the A N N
m odel, be c a u setr ainingthe A N Nm odel c a nbe c o n-
side r ed a s a n o nliea rfu n ctio n alappr oxim ation pr ob-
le m. A ltbo ugb the r egre s sio n m odel giv e s a nim
-
pr o v ed c o efhcie nt ofdeter min atio n, it do e s n ot r eli-
ably im pr o v ethe im age a n alysis syste m. T his is
be c a u seit c a n n ot c aptu re a n o nlin e ar r elatio n ship o r
也e u n c e rtainty a ndim pr e cisio n, a nd he n ce it m ake s
po o r e stim ations. In c o ntr a st, sin c ethe A N Nm odel
le a rn ed the gro wth patter n dire ctly fr o mthe super
-
vised inputs a nd o utputs, itis u n n e c e ss a ry to m ake
a ny a ss u mptio n s rega rdingthe u nde rlying m athe m ati-
c al r epr e se ntatio n s.
Using a personal c o mpute r with a 60 0 M Hz C P U
a nd 256 M B R A M, the tim e r equired fo rtr aining a nd
te stingthe A N Nm odelw a s onlytw otothr e e min ute s･
T his tim eis sho rt a nd w o uld in c r e a s e only slightly
e v e nif the n u mbe r oftr aining sa mple s or n u mbe r of
n ode sin the hidde nlaye r w a sin c r e a s ed. The tim e
r equir ed fo r c o mputatio n e v e nfo r ala rge A N Nm odel
is s u氏cie ntly s m all, a nd it will be m u ch le ssin the
futu r e a s c o mpute rte chn olog yadv a n c e s.
As m o r etr aining s a mple sbe c o m e a v ailable, the
ANN m odel its elfc a nbeim pr o v edto ide ntify othe r
-gr o wth patter ns of tr a n spla nt populatio n sthat a r e
c ultu r ed u nde r other environ m e ntalc o nditio n s a ndto
a n alyz e othe r plant spe cies. T he s e r e s ults s ug ge st
that the A N Nm odelsu c c e ssfullyim pr o v edtheim age
a n alysis syste mby pr o viding a c c urate e stim ate s ofthe
tr a n spla nt gr o wth statu s.
Co n clusio n s
T bis w o rk ha sde Ⅱ1 0 n Str atedthat the A N Nm odel
perfo r m ed bette r tha n the r egr e ssio n m odel･ T he
A N Nm odel e n abled the im age a n alysis syste m to
e stim ate gr o wth v a riable s of a tr a n spla nt populatio n
with a highdegr e e ofa c c u ra cy a nd fle xibility. T he re-
fo re, the bino c ular stere o visio n syste m , afte rbeing
im pr o v ed by u sing 也e AN N m odel, s u c c e ssfully
ide nti丘ed the tr a n spla nt growth statn s with a high
degre e ofa c c u r a cy.
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Fig. 5 T he relativ e e r ro r(e) ofthe gr o wth v a riable s of(a) a v e rage height, (b) n u mber of
u nfolded le a v es, (c)le afa re a,(d)fre sh m a ss, a nd (e)dry m a ss atdiffe r entdays afte r
plallting e stim ated fro mthe A N Nm odel a nd regre s sio n m odel u siⅢg a s w e etpotato
tra n spla ntpopulatio n.
Table 2 T he a v e r age r elativ e e rr o r(-e) a nd the sta nda rd
de viatio n(es d) ofthe gr o wth v a riable s e stim ated
fro m the A N Nm odeland regre ssion modelu sing a
s w e etpotato tra n spla nt populatio n.
Gr o wth v a riable
A "T%7odel Regre s冒i;7m odel
Av e r age heigbt 5. 1±3. 1 15. 5±12. 6
No. ofu nfolded le a v e s 4. 9±4. 9 13. 3±12. 9
Le afare a 5.0±3. 7 12. 6±15. 6
Fresh m a s s 4. 9±4. 8 12.2± 8. 2
Dry m a s s 5. 3±4. 6 11. 4± 8. 9
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sity for a ssisting in the data a cquisitio n and Mr. Y .
M ats u u r a, °ept. of Te chn olog yDe v elopm e nt, E S D
In c o rpo r ated Co mpa nyfo rte chnic aladvic e.
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